PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
btemational Bureau 




INTERNATIONAL APPUCATION PUBUSHED UNDER TOE PATIENT COOPERATTON TREATY (PCD 



(51) InternatioDal Patent CUssiflwtlon 6 

BOU 13rtM, A61K 47/48, 49/00, 9/50 



(21) Intcrnattonftl Application Number: PCrAJS95/ 12988 

(22) International Ffllng Date: 5 October 1995 (05.10.95) 



(30) Priority DaU: 

111186 



(71) AppUcants (for ail designated States except US): BAR-n-AN 
UNTVERSITY (OVIL]; 52900 Ramai-Gan (XL). LICHTEN- 
STEIN. Joseph [US/ILl; 17 HaAdmor MiGur Street, 51525 
Bnei-Brak (IL). 

(72) Inventors; and 

(75) Inventors^Applicants (for US only): MARGEL. Shlomo 
[lUIL]; 14 Habaal-Shcm-Tov Street, 76210 Rchovot (IL). 
BAMNOLKER, Hanna [DVIL]; 122 Catsanelson Street, 
53279 Givataim (IL). 

(74) Agent: KURUCZ. John; 20th floor, 711 3ni Avenue. New 
York, NY 10017 (US). 



A2 



(11) Intematiottal Publication Number; 
(43) International Publication Date: 



WO 96/11054 

18 April 1996 (18.04.96) 



6 October 1994 (06.10.94) 



IL 



(81) Designated States: AL. AM. AT. AU, BB. BG. BR. BY. CA, 
^ ^OT. CN. CZ. DE. DK. EE. ES. FI. GB. GE. HU. IS. JP. 

KE. KG. KP. KR. KZ. LK. LR. LT, LU. LV. MD. MG. 

MK, MN. MW. NDC. NO. NZ. PL. PT. RO. RU. SD. SE. 

SG SL SK. TJ. TT. UA. UG. US. UZ. VN. European palwit 

(AT BE. CH. DE, DK, ES. FR. GB. GR. IE. IT. LU. MC, 

NL. PT, SE). OAPI patent (BF. BJ. CF. CG. CI, CM. GA. 

GN. ML. MR. NE, SN. TD. TG), ARIPO patent (KE, MW. 

SD. SZ. UG). 



Published ^ . ut u a 

Without international search report and to be republished 

upon receipt of that report. 



(54) TlUe: 



PROCESS FOR THE PREPARATION OF MICROSPHERES AND MICROSPHERES MADE THEREBY 



(57) Abstract 

A process for the preparation of a micro- 
sphere comprising a coating composed of one or 
more silica nanoparticlcs layers, comprises the 
steps of: a) providing a microsphere of poly- 
meric material, the said microsphere having ad- 
sorbed on its surface one or more surfactants; and 
b) causing a layer of silica nanqiaiticles to coat 
the surface of the said microsphere by means of 
seeded polymerization of alkyl silicates onto the 
surface of said microsphere. 
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PROCESS FOR THE PREPARATION OF 
MICROSPHERES AND MICROSPHERES MADE THEREBY 

FIELD OF THE INVENTION 

The present invention relates to a process for the preparation of microspheres, 
which may be optionally hollow, and which are consisting of one or more layers 
of silica shells and may also involve other coatings of different materials, 
characterized by variety of desirable properties. 

BACKGROUND OF THE INVENTION 

The preparation of well-defined microspheres of controlled composition is of 
great importance, because of the potential use of such particles in a wide 
variety of fields. The complexity of processes for preparing such particles is 
even greater when the particle to be formed is to be used in delicate biological 
applications, because then several parameters, which are not easy to handle, 
should be taken into account, such as types of chemical interactions between 
the different layers composing the microspheres, as well as the relevant 
function of the particle within the planned biological application. 

Applying coating techniques for polymeric microspheres involves difficulties 
which do not exist in coating processes of flat surfaces, obviously due to the 
different physical characteristics of spherical systems. For instance, although 
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for a flat surface! Brinker, Kurd, Schunk, Frye and Ashley, J. of Non-Crystline 
Solids, 147, 424 (1992); Brinker, Frye, Kurd and Ashley, Thin Solid Fihns 20L 
97 (1991)], the art has failed to disclose a method for coating spherical particles 
with silica. This silica coatmg is of great importance because, as will become 
apparent from the description to follow, it plays a major role in the 
construction of the desired final microsphere. The silica itself consists of 
particles the diameter of which is about 50 nm, and is obtained, according to 
sol-gel procedures, by agents such as tetraethoxysilane, [(SiOEt)4], which are 
converted, via hydrolysis and subsequent condensation, to silica. With respect 
to processes for enveloping spherical systems of submicron size, prior art 
mainly disclosses methods for coating inorganic microspheres (made of titania, 
for example) with polyurea or aluminum oxide [Mayville, Partch and 
Matijevic, J. Colloid Interface Sci. 120 , 135 (1987); KratohvU and Matijevic, 
Adv. Ceram. Mater. 2, 798 (1987); Grag and Mateijevic, Langmuir 4, 38 (1988); 
Aiken and Matijevic, J. Colloid Interface Sci. 126, 243 (1988)]. However, 
processes described by the prior art, through which organic microspheres are 
coated, are unsatisfactory and limited, from several aspects: the microsphere is 
of diameter of only 0.1 }im to 0.3 ^m, and is composed only of cationic 
polystyrene. Furthermore, in all these processes the coating is made of 
inorganic material, namely, yttrium basic carbonate. Thus, Although hollow 
yttrium microspheres were further obtained by burning off the core of the 
described cationic polystyrene coated particles, this characteristic, namely, the 
inorganic nature of the coating, clearly hmits the scope of the fields in which 
these systems can be applied. Because, as can be learned firom the present 
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and Matijevic, J. 'Colloid Interface Sci. 138i 534 (1990); Kawahashi Matijevic, 
J. Colloid Interface Sci. 141 103 (1991) ; Matijevic. Langmuir 10 , 8 (1994)]. 

Another important type of coating is one exhibiting magnetic properties. A 
method for the preparation of ferrite plating of various chemical compositions 
is known in the art [Abe et al., J. of Applied Physics 57, pp. 3795-3797, (1985)]. 
yet this method is characterized by several disadvantages and limitations. 
First of all, an essential condition for the formation of the ferrite film is the 
presence of hydroxyl groups on the substrate to be coated, because these 
groups enhance the adhesion of the fihn to the surface. Furthermore, 
according to this method, if the microsphere diameter is smaller than 0.5 ^m, a 
continued magnetic coating can not be obtained . Finally, Abe et al. failed to 
disclose means for the protection of the ferrite coating, in order to avoid a 
partial leakage of the ferrite into the solution. 

The present invention provides processes for the production of microspheres 
characterized by several desired properties: 

a) It provides a process for the preparation of silica coating to spherical 
particles, wherein surfactants of proper nature, adsorbed on the microspheres, 
serves as a "connective glue" between the microsphere and the silica 
nanoparticles; 

b) It provides a process for the preparation of a microsphere coated with 
a magnetic layer; 

c) It provides a process for the preparation of hollow silica microspheres; 

d) It provides a process for the preparation of magnetic microsoheres 
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e) It allows a further modification of the surface of the solid or hollow 
microspheres, which are coated by magnetic layers and silica layers, to adjust 
them to several biological applications. 

SUMMARY OF THE INVENTION 

The invention is directed to the preparation and use of microspheres, the 
diameter of which is in the range of about 0.2 [im up to a few microns, which 
are made of polymeric materials and contain surfactants of hydrophilic nature 
on their surfaces. This microspheres are then subjected to further coating 
stages. The final coated microspheres can then serve in a variety of biological 
applications. The microspheres can be rendered hollow by removing therefrom 
the inner polymeric core. 

According to the process of the invention the microspheres are obtained by 
polymerization of monomeric units, such as stjrrene, chloromethylstyerene, 
divinylbenzene and methybnethacrylate. in the presence of surfactants of 
hydrophilic nature and an initiator. The choice of the surfactant composition 
and concentration, as well as other parameters of the reaction, such as 
initiator type, monomer concentration, governs the distribution of the 
microspheres diameters. Furthermore, the inventors have foimd that the 
quality of the coatings to be crated on the microspheres is also affected by two 
of these factors, namely, by the surfactant composition and by the initiator. 
As said, proper surfactants for coating purposes are of hydrophiHc nature. 
Furthermore, it has been surprisingly found that the composition of the 
surfactants may serve as a tool for controlling the coating quality, by choosing 
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By the term "surfactant" is meant to indicate a high molecular weight 
compound having one or more hydrophilic region(s) and one or more 
hydrophobic region(s). Illustrative and nono limitative examples of suitable 
surfactants are polyethylene oxide, polyacrylic acid, copolymers of polyvinyl 
pyrrohdone- polyvinyl acetate in different ratios. 

According to a preferred embodiment of the invention, the hydrophilic 
surfactant is chosen from among polyvinylpyrrolidone, polyacrylic acid and 
polyethyleneoxide. A preferred initiator is benzoylperoxide. 

According to the invention, the microspheres which comprise surfactants on 
their surface, are treated in an organic solution, i.e. alcoholic solution, which 
includes alkyl silicates as an agent for the silica production, and a catalyst. 
Preferably, the alcohoUc solution is composed of ethanol and water, the alkyl 
silicate is Si(0Et)4 and the catalyst is ammonia. 

Another purpose of the present invention is to provide a process for the 
preparation of hollow silica microspheres. According to the invention, these 
hollow shells are obtained by removing the inner poljaneric core of the 
microspheres by burning or dissolving it. In particular, the burning off is 
performed by subjecting the microspheres to temperatures in the range of 
400'*C-900*'C. Alternatively, the dissolution is carried out by means of 

appropriate solvents. Illustrative, but non limitative, solvents comprise 
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According to the present invention; the polymeric microspheres, containing 
proper surfactants on their surface, may further be intermediately coated by a 
magnetic layer. In particular, said magnetic layer may be of Fe304. This 
coating process is carried out in an aqueous solution, in a temperature range of 
55*^0-90*0, and in a pH range of 8 to 11, preferably between 10-11, since it was 
found that the magnetic intensity of the coated microspheres is enhanced if 
more basic conditions are appHed. The ferrite formation involves oxidizing part 
of the Fe+2 to Fe"*"3, and then interaction between these two spieces to obtain 
the ferrite.. The source for the divalent cation may be, for example, salts such 
as FeCl2'4H20. and the oxidation reagent may be chosen, for instance, from 
among NaN02, H2O2 or air. The inventors have found that the magnetic 
properties of the coated microsphere are determined by the nature of the 
surfactant adsorbed initially on the particle surface. If hydrophobic surfactants 
are used, in combination with a hydrophilic one, a significant retardness is 
observed in the magnetic intensity of these coated microspheres, compared 
with those obtained with hydrophihc siirfactant alone. 



A further object of the present invention is to provide a process for the 
preparation of solid or hollow microspheres optionally comprising magnetic 
coatings, and further enveloped by silica layers. These coated microspheres are 
then subjected to further modification which have extremely important uses. 
The siHca functionalizes in two different levels: it provides a defensive shell to 
the ferrite coating, and it serves as a source of optional covalent bonds, through 
which desired ligand may be attached to the system, in order to form the final, 
desired particle. According to said process, silica coating of said microspheres 
(which are optionally magnetic) is performed as hereinbefore described. Then, 

n i>4«<^«<kA*« A/\A^A/i wi irt«*/\e*v\ na«*ac nrni/«K oe G(k1/1 TftQlf na cnllH t\T 
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hoUow, appropriate ligands are added, comprising a functional group at their cd 
•position. In particular, these Uganda can form covalent bonds with the silica 
coating. The Ugands may be chosen from among alkylsUane and/or 
alkylhydroxyl compounds, in particular SiCl3(CH2)nX, Si(OR)3(CH2)nX, 
0H(CH2)nX. wherein R is an alkyl substituent . n is between 2 to 20 and X 
is ■NH2 -CHs. •CO2R. -CN, etc. Of particular importance is the amine group, 
or other functional groups which can be converted to an amine group, because 
covalent binding of polyaldehyde hgands onto these groups may be further 
appHed. The polyaldehyde derivatized microsphere surface obtained may be 
now coupled to biomaterials such as proteins. According to a preferred 
embodiment of the invention, in order to increase the interactions of said 
polyaldehyde Hgands with the desired biomaterials, the residual ©-amine 
groups can be blocked by a proper reagent, for instance, acetic acid N- 
hydroxysuccin-imide ester. Furthermore, the inventors have found that acidic 
pH conditions improve the content of said aldehyde in the derivatized 
microsphere. 



These sohd and/or hollow aldehyde derivatized microspheres may now 
functionalize in several biological apphcations, when conjugated to 
biomaterials. 



Fig. 6 summarizes various preferred embodiments of the present invention. 
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All the above and other characteristics and advantages of the invention 
will be better understood through the following illustrative and non- 
limitative description of preferred embodiments thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. lis a SEM photograph of polystyrene microspheres; 

Fig. 2A is a TEM picture of a polystyrene microsphere of ca. 1.8 ^m 
coated with three layers of silica nanoparticles of ca. 30 nm average diameter; 

Figs. 2B and 2C are TEM and SEM pictures, respectively of hollow 
microspheres obtained by burning off the organic content of these coated 
microspheres at 800°C for 12 h; 

Figs. 3 (A and B) are cross-section pictures obtained by TEM of hollow 
silica microspheres prepared &om polystyrene microspheres of ca. 1.8 ^m 
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with a single layer of silica nanoparticles of ca, 30 nm diameter (Fig. 4A), and 
three layers of similar silica nanoparticles (Fig. 4B); 

Fig. 5A illustrates SEM photomicrograph of polystyrene microsphere of 
ca. 2.3 Jim diameter. 

Fig. 5B Illustrates the magnetic coating on polystyrene microspheres of 
ca. 2.3 ^m diameter. 

Fig, 5C illustrates the first silica nanoparticles coating on magnetic 
polystyrene microspheres of ca. 2.3 ^m, prepared according to example 13; and 

Fig. 6 summarizes various preferred embodiments of the present 
invention, wherein P is the poljoneric microsphere and S is the surfactant 
adsorbed on its surface. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

EXPERIMENTAL 

Synthesis of p olvstvrene microspheres. 
Polystyrene microspheres were prepared according to the literature/ C.IC Ober. 
KP. Lok and M,L. Hair. J. of Polymer Sci.. Polymer Letters Edition 23, 103 
(1985)/. Briefly, These microspheres were prepared in a three-neck roimd- 
bottom flask equipped with a condenser. The flask was immersed in a constant 
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solution containing PVP (M.W. 360,000, 3.75 g) dissolved in ethanol (156 ml) 
and methyl cellosove (2-methoxyethanol, 62.5 ml) at room temperature was 
placed into the reaction flask and mechanically stirred (ca, 200 rpm). The 
temperature was then preset to 73°C. Nitrogen was bubbled through the 
solution for ca. 15 min. to exclude air, then a blanket of nitrogen was 
maintained over the solution during the polymerization period. A deairated 
solution containing benzoyl peroxide (1.5 g) and styrene (37.5 ml), previously 
purified through alumina column, was then added to the reaction flask. The 
polymerization reaction continued for 24 h. and then stopped by cooling. The 
obtained microspheres were washed by extensive centrifugation cycles with 
ethanol and then with water. The particles were then dried by lyophilizatipn. 
Scanning Electron Microscopy (SEM) photomicrographs demonstrated the 
formation of monodispersed particles of 2.3 ^m average diameter with a 
standard deviation of ca. 5% (Fig. 1). 

The diameter of the formed microspheres were controlled by changing 
conditions, such as surfactant type, surfactant concentration, . initiator type, 
monomer concentration, reaction time, etc. Thereby, monodispersed and 
polydispersed microsphere systems in sizes ranging from approximately 0.2 jim 
up to several microns were formed. For example, similar polymerization 
procedure as described above, substituting the initiator benzoyl peroxide with 
azobisisobutironitrile, resulted in the formation of polydispersed microspheres 
with 4.2 ^m average diameter instead of monodispersed microspheres of 2.3 
^m average diameter obtained when benzoyl peroxide was used. 



Crosslinked polystyrene microspheres of ca. 0.3 \im diameter were 
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substituting styrene with divinylbenzene or substituting styrene with a 
monomer mixtiure composed of 45% styrene and 55% divinylbenzene. 
Microns sized polydispersed crosslinked polystyrene microspheres were 
prepared by a suspension polymerization process, through a procedure 
similar to that described in the Q.C. Wang, F. Svec and M.J. Frechet, 
Polymer Bulletin 28, 569 (1992). 

Synthesis of polvchloromethvlstvrene microspheres 
Monodispersed polychloromethylstyrene microspheres were prepared by a 
procedure similar to that described for polystyrene microspheres, substituting 
the solvent mixture (ethanol + methyl ceUosove) with ethanol. In a typical 
reaction, 5.0 ml chloromethylstyrene were polymerized in 100 ml ethanol 
solution containing 1.15 g PVP (M.W. 360,000) and 100 mg 
azobisisobutironitrile. Thereby, monodispersed polychloromethylstyrene 
microspheres of ca. 1.2 |im diameter (standard deviation of ca. 5%) were 
formed. Microspheres with a variety of diameters were formed by changing 
conditions, such as monomer concentration, surfactant concentration, etc. 

Synthesis of polymethylmethacrylate microspheres* 
Monodispersed polymethylmethacrylate (PMMA) microspheres were prepared 
by a procedure similar to that described for polystsnrene microspheres, 
substituting the solvent mixture (ethanol + methyl ceUosove) with ethanol. In 
a typical reaction, 23 ml methylmathacrylate were polymerized in 212 ml 
ethanol solution containing 3.75 g PVP (M.W. 360,000) and 1.5 g 
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formed. Microspheres with a variety of diameters were formed by changing 
conditions, such as monomer concentration, surfactant concentration, etc. 



Synthesi s of silica nanopartinl^^, 
Silica nanoparticles were prepared by the sol-gel technique by polymerization 
of Si(0Et)4 according to the Stober Method/ W. Stober. A. Fink and E. Bohn, J. 
CoUoid Interface Sci. 26. 62 (1968)/. Briefly, particles of 30 nm average 
diameter were prepared by adding into a flask according to the Usted order the 
foUowing reagents: ethanol (93.6 ml), distilled water (1.9 ml), ammonium 
hydroxide (1.3 ml) and Si(0Et)4 (3.2 ml). The resulting solution was then 
shaken at room temperature for ca. 12 h. The formed nanoparticles were 
washed by evaporation of the unreacted monomer, ethanol and ammonia. 
Water was added during the evaporation to retain the total volume of the siHca 
suspension. Thereafter, water was evaporated up to ca. 10 ml total volume. 
This suspension was then dried in a vacuum oven. Particle analyzer 
measurements demonstrated the formation of silica nanoparticles of ca. 30 nm 
average, diameter. Silica nanoparticles of different sizes were prepared by 
changing conditions, such as monomer concentration, water concentration, etc. 

Svnthesi.s of pf^^y acrolein nanopartinl^ y. 
Polyacrolein nanoparticles were synthesized according to the Uterature/S. 
Margel. Reactive Polymers 1, 241 (1983)/. Briefly, polyacrolein nanoparticles 
of ca. 70 nm average diameter were prepared by cobalt irradiation (approx. 1 
Mrad) of a deairated solution containing 90 ml distilled water, 1 g sodium 
dodecyl sulfate and 10 ml acrolein. The formed microspheres were then washed 
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Example 1 

Preparation of thin coatings from silica nanoparticles on 
polystyrene microspheres. 
Dried polystyrene microspheres of 1.8 |im average diameter containing 
polyvinlpyrrolidone adsorbed on its surfaces, prepared according to the 
description in the experimental part, were added into a flask containing 
ethanol (93.6 ml) and distilled water (1.9 ml). The microspheres were then 
suspended in the solvent by sonication. Ammonium hydroxide (1.3 ml) and 
Si(0Et)4 (3.2 ml) were then added to the previous polystjrene suspension. 
The resulting suspension was then shaken at room temperature for ca. 12 h. 
The formed thin coated siHca nanoparticles-polystyrene microspheres were 
washed with water from non-grafted sihca nanoparticles (ca. 30 nm average 
diameter) by repeated centrifugation cycles at ca. 3000 rpm for ca. 40 min. The 
sihca-coated polystyrene microspheres were then dried in a vacuum oven. A 
second coating cycle was performed similarly, substituting the polystyrene 
microspheres with the silica-coated polystyrene microspheres. A similar 
procedure was performed for a third, fourth, etc. coating cycles. 
Fig. 2A illustrates a TEM phtomicrograph of polystyrene microsphere coated 
with three layers of sihca monoparticles. 

Cross section photomicrographs of the thin coated polystyrene microspheres 
taken with transmission electron microscopy (TEM) [Fig, 3] demonstrated that 
the thickness of each layer of the continuous siUca nanoparticle coatings is ca. 

25-30 
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measurements demonstrated that the percent sUica in the first coating is ca. 
7.8%, in the second ca. 13.5%. in the third ca. 18.5 % and in the fourth ca. 
20.5 %. 

Example 2 

Example 1 was repeated, substituting the 3.2 ml Si(0Et)4 with 1.8 ml 
Si(0Et)4. Similar results were obtained, except that the silica nanoparticle 
coating on the polystyrene microspheres decreased from ca. 30 nm average 
diameter to ca. 20 nm average diameter. 



Example 3 

PrAnaratioP nf ^antinuou F fl^in rnatings of silica nanoparticles on 

pnl Ystyrene micr ospheres. 

Dried polystyrene microspheres of ca. 1.8 m average diameter containing 
polyvinlpyrrolidone adsorbed on its surfaces, prepared according to the 
description in the experimental part, were added into a flask containing 
ethanol (93.6 ml) and distilled water (1.9 ml). The microspheres were then 
suspended in the solvent by sonication. Ammonium hydroxide (1.3 ml) and 
Si(0Et)4 (3.2 ml) were then added to the previous polystyrene suspension. 
The resulting suspension was then shaken at room temperature for ca. 12 h. A 
second layer of siHca coating was then prepared by adding to the suspension 
0.6 ml distiUed water and 3.2 ml Si(0Et)4. The reaction was then continued 
for additional ca. 5h. The formed siHca coated polystyrene microspheres were 
then washed according to the description in Example 1. The percent silica 
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obtained in Example 1. A third continuous silica coating on polystyrene 
microspheres was difficult to prepare because of the difficulties existed in 
separation of grafted silica nanoparticles &om ungrafted silica nanoparticles. 

Example 4 

Preparation of thin coatings from silica nanoparticles on polystyrene 
microspheres of different diameters. 

Examples 1-3 were repeated substituting the polystyrene microspheres 
of ca. 1.8 ]im. average diameter adsorbed with PVP on its surfaces with 

similar type microspheres, crosslinked and not crosslinked, with variety of 
diameters, i.e. ca. 0.3, 2.3, 5.2 and 8.0 ^m average diameter. Cross section 

photomicrographs demonstrated similar silica coatings as that obtained in 
Examples 1-3. 

Example 5 

Examples 1-4 were repeated substituting polystyrene microspheres containing 
PVP adsorbed on its surfaces with polyst>'rene microspheres containing other 
hydrophilic surfactants adsorbed on its surfaces, i.e. polyacrylic acid and 
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Ex^mpl? 6 

Effect of hydrophobic surfactants adsorbed on the polystyrene 
microspheres on the thin coatings from silica nanoparticles. 

Examples 1, 3 and 4 were repeated substituting polystyrene 
microspheres containing PVP adsorbed on its surfaces with polystyrene 
microspheres containing surfactants with decreased order of 
hydrophilic/hydrophobic ratio on its surfaces, i.e. PVP, PVP-PVAc (60:40) and 
PVAc. Elemental analysis measurements showed that the percent siHca 
significantly decreased when the hydrophihc/hydrophobic ratio of the adsorbed 
surfactants decreased. For example, the percent sihca measured for the first 
sihca coating on polystyrene microspheres prepared with benzoylperoxide was 
ca. 7,8%, 3.7% and 0.5% for microspheres adsorbed on its surfaces with PVP, 
PVP-PVAc (60:40) and PVAc, respectively. 

Example 7 

Example 6 was repeated with polystyrene microspheres prepared with the 
initiator azobisisobutironitrile instead of benzoylperoxide. Thereby, The 
hydrophobic character of the formed microspheres increased relative to the 
microspheres prepared with benzoylperoxide. Thermogravimetric 
measurements also clearly demonstrated that the percent silica coated on the 
polystyrene significantly decreased when the hydrophihc/hydrophobic ratio of 
the adsorbed surfactants decreased. For example, the percent silica measured 
for the first siHca coating on polystyrene microspheres prepared with 
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on its surfaces with PVP, PVP-PVAc (60:40) and PVAc, respectively. Similar 
behavior was also observed for the second siUca coating on polystyrene 
microspheres prepared with aMbisisobutironitrile. i.e. the percent siUca after 
the second coating was ca. 8.8%. 2.0% and 1.0% for microspheres adsorbed on 
its surfaces with PVP, PVP-PVAc (60:40) and PVAc. respectively. 



Example 8 

Preparation of thin coatings fr om silica nflnoparticles nn 
polychloromethvlstvr ^ne microspheres and/nr 
POlvmethvlmpfhn crvlate mirrosoheres. 

Examples 1-7 were repeated, substituting the polystyrene microspheres with 
polychloromethylstyrene microspheres and/or polymethyhnethacrylate 
microspheres prepared according to the description in the experimental part. 
Cross section photomicrographs indicated similar results. 

Example 9 

Preparation of hollow silica mirrr ^sptioroc 

Hollow sihca microspheres were prepared by burning off (i.e. ca. 400''C or 
above) the organic core of polystyrene microspheres coated with siUca 
nanoparticles, prepared according to ExamnlPQ 
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Fig. 2A is a TEM picture of a polystyrene microsphere of ca. 1.8 ^m coated with 
three layers of silica nanoparticles of ca. 30 nm average diameter. Figures 2B 
and 2C are TEM and SEM pictures, respectively of hollow microspheres 
obtained by burning off the organic content of these coated microspheres at 800 
"C for 12 h. Infrared measurements indicated the total removal of the organic 

core from the silica shell. 

Fig. 3 (A and B) are cross-section pictures obtained by TEM of hollow silica 
microspheres prepared from polystyrene microspheres of ca. 1.8 ^m average 
diameter coated with three layers of siUca nanoparticles of ca.. 30 nm average 
diameter. 

Fig. 4 shows SEM pictures of hollow silica microspheres obtained by burning 
off the organic core of polystyrene microspheres of ca. 2.3 ^m coated with a 
single layer of silica nanoparticles of ca. 30 nm diameter (Fig. 4A) and three 
layers of similar silica nanoparticles (Fig. 43). The hollow silica microspheres 
composed of three layers of silica nanoparticles are stable while the hollow 
sihca microspheres composed of a single silica nanoparticles layer are mostly 
broken. These observation may due to the instability of the coating composed 
of a single silica layer to stand the vacuum appHed for the SEM use. 



Example 10 
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contained, except silica, also traces of organic polymers which could not be 
removed by this process. 

Example 11 

Efforts to prepare hollow silica microspheres by using the procedures described 
in Examples 9 and 10 with polystyrene microspheres containing PVAc 
adsorbed on its surfaces and coated with a single layer and/or two layers of 
sihca nanoparticles prepared according to examples 6 and 7 failed, due to the 
insignificant sihca coating on these microspheres. 

Example 12 

Examples 9-11 were repeated substituting polystyrene microspheres with 
polychloromethylstyrene microspheres or/and polymethyhnethacrylate 
microspheres coated with silica nanoparticles prepared according to Example 
8. Similar results were obtained. 

Example 13 

Preparation of magnetic thin coatings from Fe3 04 on polvstvrene 

microspheres. 

The coating was performed in a six-neck round-bottom flask. One neck in the 
center was used for mechanical stirring, two other necks were used for purging 
nitrogen and for the exit of this gas, the other three necks w re used for 
gradual introducing into the flask, during the coating process, deairated 
aqueous solutions from iron chloride, sodium nitrite and sodiimi hydroxide, 

rpQnprfivplv TVio flocL- 
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bath at a preset temperature. In a typical reaction, An aqueous suspension 
(200 ml) containing 10 g polystyrene microspheres of ca. 2.3 \m average 
diameter with PVP adsorbed on its surfaces (prepared according to the 
description in the experimental part) was sonicated to dispersed the particles, 
placed then into the reaction flask and mechanically stined (ca. 200 rpm). 
The temperature was then preset to 60°C. Nitrogen was bubbled through the 
suspension during the coating process to exclude air. 1 ml of the iron chloride 
tetrahydrate aqueous solution (12 mmol in 100 ml H2O) and 1 ml of sodium 
nitrite aqueous solution (0.2 mmol in 100 ml H2O) were then successively 
introduced into the reaction flask. Thereafter, sodium hydroxide aqueous 
solution (5 mmol in 100 ml H2O) was added until pH of ca. 10 was reached. 
This procedure was repeated 40 times. During this coating process the 
microspheres became brown-black colored. The magnetic suspension was 
then cooled to room temperature. The formed magnetic polystyrene 
microspheres were then washed extensively in water with a magnet and dried 
then with a lyophilizer. 



Fig . 5A illustrates SEM photomicrograph of polystyrene microspheres of ca. 
2.3 ^m. 

Fig. 5B illustrates that the iron oxide coating on these polystyrene 
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Examnle 14 

Example 13 was repeated under a variety of conditions: (a) Temperature range 
between 55'C to gO'C, similar results were obtained; (b) pH range between 8 
to 11, the magnetic intensity of the coated microspheres prepared at pH range 
between 10 to 11 was higher than that prepared at the lower pH range; (c) 
Mole ratio [NaN02]/[FeCl2»4H20] up to 10 times higher than that described 
in the previous example, similar results were obtained; (d) Addition to the 
microspheres suspension up to five times more of the different reagents 
(NaN02, FeCl2-4H20, and NaOH) causes to the corresponding growth of the 
iron oxide coating on the microspheres. 

Example 15 

Experiments 13 and 14 were repeated, substituting the oxidizing agent NaN02 
with other oxidizing agents, i.e. H2O2 and air. Similar results were obtained. 

Example 16 

Examples 13-15 were repeated, substituting the polystyrene microspheres of 
ca. 2.3 nm containing PVP adsorbed on its surfaces with microspheres of 
different sizes, i.e. ca. 0.3, 1.8 and 6.0 ^m containing different hydrophihc 
surfactants adsorbed on its surfaces, i.e. PVP, polyacrylic acid and 
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Example 17 

Examples 13-15 were repeated, substituting the polystyrene microspheres of 
ca. 2.3 ^m containing PVP adsorbed on its surfaces with microspheres 
containing hydrophobic surfactants, such as PVAc. The percent iron oxide of 
these coated microspheres was significantly lower (i.e. ca. 3%) than that 
adsorbed with hydrophilic surfactants. These observations also lead to a 
significant lower magnetic intensity of these coated microspheres relative to 
the microspheres that contained hydrophilic surfactants adsorbed on its 
surfaces. 



Example 18 

Preparation of maemetic thin coatings from Fe^Oi on 
pftlvfihloromethvlstyriane micros pheres and/or 
pnlvmethvlmethacrvlate microspheres.. 



Examples 13-17 were repeated, substituting polystyrene microspheres with 
polychloromethylstyrene microspheres and/or polymethyhnethacrylate 
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Example 19 

Preparation of thin coatings from silica on magnetic polystyrene 

microspheres. 

Examples 1-7 were repeated substituting the polystyrene microspheres with 
polystyrene microspheres thin coated with Fe304, prepared according to the 
description in Examples 13-17. Similar results were obtained. Fig. 5C. for 
example, illustrates the first sihca nanoparticles coating on magnetic 
polystyrene microspheres of ca. 2.3 jim, prepared according to example 13. 
The process described above was also repeated with coatings prepared from 
silica nanoparticles of sizes ranging from ca. 20 nm up to ca. 0.1 fim. The 
separation of grafted sihca nanoparticles from non-grafted was performed with 
a magnetic field. SEM and TEM photomicrographs demonstrated the complete 
coating of the microsphere surfaces with sihca nanoparticles. 



Example 20 

Preparation of thin coatings from silica on magnetic 
polychloromethylstvrene microspheres and/or 
polymethylmethacrylate microspheres. 

Example 8 was repeated substituting the polychloromethylstyrene 
microspheres and/or polymethylmethacrylate microspheres with similar 
microspheres thin coated with Fe304 prepared according to the description in 
experiment 18. Similar resixlts were obtained. 
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F.T ^iTiple 21 

Pra paratinn of mag nyt^'^hftllow silica microsphey 

Examples 9-12 were repeated, substituting the polystyrene microspheres 
and/or polychloromethylstyrene microspheres and/or poltmethylmethacrylate 
microspheres coated with silica nanoparticles with similar microspheres coated 
with Fe304 and with siUca. prepared according to the description in Examples 
19 and 20. Similar results were obtained. 

Example 22 

Wvrtrnphilic/^ Y'^'-'^ P^^^i^ cha r ^'-^^r nf fliP hollow microspheres 

SiHca hollow microspheres and/or magnetic silica hollow microspheres 
prepared by burning off the organic core from the inorganic sheU at 
temperatures above ca. 900 »C were floated on water due to its hydrophobic 
character. On the other hand, similar hoUow microspheres prepared below ca. 
600 "C sank in water. However, if these dried hollow microspheres are 
reburned at temperatures above ca. 900 they also become hydrophobic and 

float on water. 

Example 23 

Q»rf.cp mndific -^-- -f*^- ^ili^^ cnntrd microspheres and/or ?ilic& 
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and/or co-functionalized alkylhydroxyl compounds has been performed by the 
following general procedure: Dried microspheres were added to the appropriate 
solvent. The resulting mixture was then sonicated in order to dispersed the 
particles in the solvent. The derivatization of the suspended microspheres was 
then accomplished at the desired temperature for the desired period of time by 
adding the appropriate co-fimctionaHzed alkylsilane compound and/or (o- 
functionahzed alkylhydroxyl compound to the microspheres suspension. The 
derivatized microspheres were then washed from undesired compounds by 
repeated centrifiigation cycles under appropriate conditions (or with a 
magnetic field if magnetic microspheres were used). The washed derivatized 
microspheres were then dried with a lyophilizer and/or a vacuum oven. If 
necessary, in order to prevent nonspecific interactions with the silica (due to its 
negative charge) blocking of residual silica with appropriate reagents, such as 
bovine serum albumin (BSA), was performed by suspending the derivatized 
microspheres in phosphate buffered saline (PBS) solution containing 1 % BSA 
for ca. 2 h at room temperature. The derivatized microspheres were then 
washed by centrifugation (or with a magnetic field if magnetic microspheres 
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neck flask containing 800 ml buffer acetate, 0.1 M at pH 5.5. The mixture was 
sonicated for dispersing the particles. 8 ml of the amphiphile 
Si(OEt)3(CH2)3NH2 were then added to the suspended microspheres. The 
suspension was then mechanically stirred at 60°C for 18 h: Thereafter, the 
derivatized microspheres were washed by two centrifiigation cycles in buffer 
acetate and another two centrifugation cycles in distilled water. The co-amino 
derivatized microsphere surfaces were then dried by lyophihzation. If 
necessary, albumin blocking of the derivatized microspheres was then 
performed as described previously. 

2. Derivatization of silica microspheres in organic solution with alkylsilane 
compounds, i.e. Si(OEt)3(CH2)2CN and/or SiCl3(CH2)i7CH3. 

In a typical experiment, 1 g of dried crosslinked polystyrene microspheres (ca. 
0.3 fim diameter) coated twice with silica nanoparticles were introduced into a 
three neck flask containing 100 ml bicyclohexyl (or toluene). The mixture was 
sonicated for dispersing the particles. 1 ml of the amphiphile 
Si(OEt)3(CH2)2CN or SiCl3(CH2)i7CH3 was then added to the suspended 
microspheres. The suspension was then mechanically stirred at room 
temperature (or at llO'C when toluene used) for ca. 5 h. Thereafter, the 
derivatized microspheres were washed by two centrifugation cycles with 
bicyclohexyl (or toluene) and another two centrifugation cycles with acetone. 
The derivatized microsphere surfaces were then dried by lyophilization. The 
reduction of the (o-nitrile microsphere surfaces to a-amine derivatized surfaces 
was accompUshed by suspending the derivatized microspheres at 50'C for ca. 
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amino derivatized microsphere surfaces were then dried by lyophilization. If 
necessary, albimiin blocking of the derivatized microspheres was then 
performed as described previously. 

3. Derivatization of silica microspheres in organic solution with alkylhydroxyl 
compounds, i.e. OH(CH2)7CH3. 

In a typical experiment, 1 g of dried crosshnked polystyrene microspheres (ca. 
0.3 nm diameter) coated twice with sihca nanoparticles were introduced into a 
three neck flask containing 100 ml octanol. The mixture was sonicated for 
dispersing the particles. The suspension was then mechanically stirred at 15' 
C for ca. 5 h. Thereafter, the derivatized microspheres were washed by two 
centrifiigation cycles with octanol and another two centrifugation cycles with 
acetone. The derivatized microsphere surfaces were then dried by 
lyophilization. If necessary, albumin blocking of the derivatized microspheres 
was then performed as described previously. 



Example 24 

Covalent binding of polvald ehvde ligands onto the m-amitiA 
derivatized microsphere jsurfo^^s 

In a typical experiment, the m-amine derivatized microsphere surfaces 
prepared as described in example 23 were shaken at room temperature for 
approximately 5 h in an aqueous solution containing ca. 1% of the different 
polyaldehyde ligands, i.e. glutaraldehyde or polyacrolein nanoparticles of ca. 
70 
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polyaldehyde derivatized microsphere surfaces were then washed by extensive 
centrifugation with distilled water. If necessary, in order to decrease 
nonspecific interactions with biomaterials, i.e. proteins, residual co-amine 

groups of the polyaldehyde derivatized surfaces were blocked with acetic acid 
N-hydroxysuccin-imide ester by repeated the procedure described for the 
covalent binding of the polyaldehyde hgands to the microsphere surfaces, 
substituting the polyaldehyde Hgands with 0.2% acetic acid N-hydroxysuccin- 
imide ester in PBS solution. The blocked polyaldehyde derivatized 
microspheres were then washed as previously described. The washed 
derivatized microspheres were then dried by lyophilization. 

Example 25 

Covalent binding of acrolein onto the tp-amine derivatized 
microsphere surfaces. 

The co-amine derivatized microsphere surfaces prepared as described in 
example 23 were shaken at room temperature for approximately 5 h in an 
aqueous solution, at pH range between 2-9, containing ca. 1% acrolein. The 
formed polyaldehyde derivatized microsphere surfaces were then washed by 
extensive centrifugation with distilled water. The polyaldehyde derivatized 
microspheres were then treated as described in example 24. Our studies 
demonstrated that the binding of acrolein at acidic pH, i.e. between pH-2 to 
pH-4 resulted in approximately 3 to 10 times more aldehyde content in the 
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Example 26 

Coupling of amino ligands (i.e. proteins) to the Dolvaldehvde 
derivatized microsphere surfaces. 

In general, the solid and/or hollow polyaldehyde derivatized microspheres were 
shaken at room temperature (or other desired temperature) for few hours with 
the desired protein in PBS (or other physiological solution). Unbound protein 
was then removed by centrifugation cycles (or by a magnetic separation) in 
PBS, Residual aldehyde groups were then blocked with amino hgands, such as 
BSA, hydroxylamine or ethanol amine in pH-7. The protein conjugated 
microspheres were kept in PBS (or water) at 4**C or kept dried after 
lyophihzation. 

In a typical experiment, 10 mg microspheres composed of polyaldehyde 
derivatized sihca coated polystyrene microspheres of ca. 1.8 ^m diameter were 
shaken at room temperature for 4 h with 1 mg trypsin in 5 ml PBS. Unbound 
trypsin was then separated by 3 centrifugation cycles in PBS. Residual 
aldehyde groups on the microspheres were then blocked by shaking the 
conjugated microspheres at room temperature for 4 h with BSA (1%) in PBS. 
Unbound BSA was then removed by 2 centrifugation cycles in PBS and then 2 
centrifugation cycles in distilled water. The trypsin conjugated microspheres 
were then dried by lyophilization. 



By using similar procedure, the following proteins were cbvalently bound to the 
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Example 27 

Biological applications of the protein-coniugated polvaldehvde 

microspheres. 

1. Diagnostics: Determination of aj-antitrypsin in human serum 

The activity of the trypsin conjugated microspheres prepared as described in 
example 26 was checked with the substrate oc-N-benzoyl-DL-arginine p- 
nitroanihde (BAPNA), The conjugated trypsin in reaction with BAPNA in Tris 
buffer (pH-8) Hberated p-nitroaniline of which its absorbance value at 400 nm 
was measured. 

The determination of ai-antitrypsin in human serum was based on the 
inhibitory effect of antitrypsin of serum on the hydrolysis of BAPNA by the 
conjugated trypsin in Tris buffer. The reaction is stopped by adding acetic acid, 
and the absorbance is then read at 400 nm. At this wavelength the Uberated p- 
nitroaniline has a molar absorptivity of 10,500. Briefly, before the assay, each 
examined serum was diluted 1000 fold with Tris buffer. 2 ml of the diluted 
serum were then incubated at 3TC for 30 min with 1 ml suspension containing 

10 mg trypsin-conjugated microspheres in Tris buffer. 5 ml of BAPNA solution 
(prepared by dissolving 100 mg BAPNA in 2.3 ml dimethylsulfoxide, and then 
diluted 1 ml of this stock solution with 100 ml Tris buffer at pH 8.0) at 37**C 
was then added for 30 min to the serum-trypsin-conjugated microspheres 
suspension. The reaction was stopped by adding 1 ml glacial acetic acid. The 
degree of interaction between the conjugated trypsin and BAPNA was then 
determined by the absorbance value at 400 nm. Control experiments were 
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ai-antitrypsin was determined by comparison to a standard curve obtained 
from a known amount of aj-antitrypsin. The residts obtained by this method 
were in a good agreement with the results obtained by the radial 
immunodiffusion method/ A.A. Dietz, H.M, Rubinstein and L. Hodges, Clin. 
Chem. 20 (3), 396 (1974); J. Travis and D. Johnson, Methods EnzymoL 80, 754 
(1981)/, the common clinical method appUed for determination of aj- 
antitrypsin in human serum. 

2. Specific cell labeling of human red blood cells. 

Fresh human red blood cells (HRBC) were shaken for 50 min at 4**C with 
rabbit anti-HRBC (10^ HRBC with 0.8 ^g rabbit anti-HRBC) antibodies. The 

sensitized cells were separated and washed 4 times by centrifugation with 
PBS. The washed sensitized cells were then shaken at 4*C for 1 h with Goc 

RIgG magnetic conjugated microspheres (5 mg) prepared as described in 
example 26. The labeled cells were then separated from excess microspheres by 
3 centrifugations with PBS. Control experiments carried out similarly, 
substituting the sensitized rabbit anti-HRBC with non-sensitized HRBC. 
Examination with light microscopy demonstrated the specific labeling of the 
RBC by the GxRIgG conjugated microspheres. The control ceUs, on the other 
hand, were not labeled at all. 

3. Separation of turkey RBC from human RBC. 

A mixture containing 10^ hiunan RBC and 10^ turkey RBC was treated with 
magnetic microspheres by using the labeling procedure described in (2). A 
small magnet was then fitted on the outside wall of a vial containing 5 ml PBS 
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suspension of the mixture of cells. After ca. 5 min, cells that were not attracted 
to the wall were isolated. The attracted cells were resuspended in PBS and the 
magnetic separation repeated twice. Examination in light microscopy 
demonstrated separation efficiency of 98%- 100% of the human RBC from the 
turkey RBC. 



4. Specific labeUng of mouse splenocytes bearing surface immunoglobulins (B 
cells). 

GccMIg conjugated microspheres (5 mg) prepared as described in example 26 
were shaken at 4''C for 1 h with purified mouse splenocytes (lO^). The 
labeled cells were then separated from excess microspheres by 3 centrifugation 
cycles with PBS. Control experiments carried out similarly, substituting the 
mouse splenocytes with mouse thymocytes. Examination with light microscopy 
demonstrated the specific labeling of the mouse splenocytes with the GocMIg 
conjugated microspheres. The control cells, on the other hand, were not labeled 
at all. 



All the above description and examples have been provided for the purpose of 
illsutartion, and are not intended to limit the invention in any way. Many 
modifications can be carried out in the process of the invention. For instance, 
different polymeric materials, coatings, solutions, initiators and conjugates can 
be used, to produce various fiill or hollow microspheres. Furthermore the 
microspheres of the invention can be used in a variety of appUcations, medical, 
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1. A process for the preparation of a 
microsphere comprising a coating composed of one or 
more silica nanoparticles layers, comprising the steps 
of: 

a) providing a microsphere of polymeric material, 
the said microsphere having adsorbed on its surface 
one or more surfactants; and 

b) causing a layer of silica nanoparticles to 
coat the surface of the said microsphere by means of 
seeded polymerization of alkyl silicates onto the 
surface of said microsphere. 

2. A process according to claim 1, further 
comprising the step of coating the surface of the 
microsphere with one or more additional layers of 
different material, before creating the silica 
coating. 



3. A process according to claim 2, wherein the 
additional layer comprises magnetic materials. 

4. A process according to claim 3, wherein the 
magnetic material is Fej04. 

5. A process according to claim 4, wherein the 
polymeric material is of hydrophobic type and is 
chosen from among polystyrene, polychloromethylstyrene 
and polymethylmethacrylate. 

6. A process according to claim 5, wherein said 
alkvl silicate is qunrn 
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7. A process according to claim l, wherein the 
microspheres are prepared by in situ polymerization. 

8. A process according to claim 7, wherein the 
polymerization is carried out in the presence of a 
polymerization initiator. 

9. A process according to claim 7, wherein the 
initiator is benzoylperoxide . 

10. A process according to claim 5, wherein the 
surfactant has a hydrophylic nature. 

11. A process according to claim 10, wherein the 
hydrophylic surfactant is chosen from among 
polyvinylpyrrolone, polyacrylic acid and 
polyethyleneoxide . 

12. A process according to claim 6, further 
comprising removing the inner polymeric material to 
produce a hollow shell. 

13 . A process according to claim 12 , wherein the 
removal of the inner polymeric materials is 
accomplished by burning off or by dissolving off said 
polymeric material. 
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15. A process according to claim 14, wherein the 
ligands form covalent bonds with the silica layer. 

16. A process according to claim 14, wherein the 
functional group is an amine group or other group 
which can be converted to amine group. 

17. A process according to claim 15, wherein the 
ligands are chosen from among SiCl](Gl2)^, 
Si(0R)3(CHj)^, 0H(CH2)„X, wherein R is an alkyl 
substituent, n is between 2 to 20 and X is 

-NHj, -CHj, -COjR, -CN. 

18. A process according to claim 17, further 
comprising binding polyaldehyde ligands to the amino 
groups, on the coated microsphere surface. 

19. A process according to claim 18, wherein 
residual amino groups on the surface of the said 
microsphere are blocked by suitable reagents. 

20. A process according to claim 19, wherein the 
reagent is acetic acid N-hydroxysuccin-imide ester. 

21. A process according to claim 13, wherein the 
temperature applied to when bum off the organic core 
of the microspheres is between 400<'C and 900°C. 

22. A process according to claim 13, wherein the 
inner organic core of the microsphere is dissolved by 
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23 . A process according to claim 4 , wherein the 
magnetic coating of FejO^ is obtained by introducing 
the microspheres and Fe"' ions into an aqueous 
solution, in the presence of oxidizing agents. 

24. A process according to claim 23, wherein the 
temperature is between 55" C-90«C. 

25. A process according to claim 23, wherein the 
pH of the solution is between about 6 and 11, 
preferably between 10 and 11. 

26. A process according to claim 23, wherein the 
oxidizing agent is chosen from among NaNo,, H2O2 and 
air. 

27. A process according to claim 19, further 
comprising coupling amino ligands to the derivatized 
aldehyde microspheres. 



28. A polymeric microsphere, having a diameter 



wo 96/11054 



PCT/US9S/12988 



-37- 

31, A microsphere according to claim 29, 
comprising one or more magnetic layers coupled to the 
surfactants, coated with a silica coating, 

32* A hollow microsphere consisting of one or 
more shells of magnetic material and one or more 
silica shells. 

33. A solid or hollow microsphere according to 
claim 32, further comprising ligands with desired 
functional groups bound to the microsphere silica 
layer. 

34. A microsphere according to claim 33, wherein 
the ligands comprise amine functional group or groups 
which may be converted to amine. 

35. A microsphere according to claim 34, wherein 
the convertible group is a ciano, -CM. 

36. A microsphere according to claim 33, wherein 
the ligands are chosen from among SiCljlCHj)^, 
Si(OR)3{CH3)„X, 0H(CH3)^X, wherein R is an alkyl 
substituent, n is between 2 to 20 and X is selected 
from -NHj, -CH3, -CO^R, and -CN. 

37. A microsphere according to claim 36, 
comprising polyaldehyde ligands attached to said 
microspheres. 
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38. A microsphere according to claim 36, comprising 
polyaldehyde ligands covalently attached to the amine 
groups on the coated microsphere surface. 

39. A microsphere according to claim 38, wherein said 
polyaldehyde compounds are chosen from among 
glutaraldehyde and polyacrolein. 

40. A microsphere according to claim 39, comprising 
amino ligands conjugated to said polyaldehyde. 

41. A microsphere according to claim 40, wherein the 
amino ligands are chosen from among proteins, enzymes 
and antibodies. 

42. Use of hollow or solid magnetic or nonmagnetic 
silica coated microsphere, for biological or medical 
applications. 

43. Use of a microsphere according to claim 42, 
wherein said biological applications include cell 
labeling, cell separation and diagnostics. 
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